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Abstract of JP11027148 

PROBLEM TO BE SOLVED: To prevent the 
increase of a circuit scale and the increase of power 
consumption from being invited even if a D/A 
converter is used. SOLUTION: This circuit has 
signal amplifying means (2 and 10) which switch 
gain to one time or two times, operation processing 
means (7 and 9) which perform subtraction 
processing of a signal to be inputted and reference 
voltage and output them or output them without 
performing subtraction processing, a switching 
means 8 in which one switch terminal is connected 
to a signal input terminal, the other switch terminal 
is also connected to output sides of sample-and-hold 
means (5 and 6) and a common terminal is 
connected to an input side of the operation 
processing means, a comparator 3 which compares 
an output of the signal amplifying means with 
reference voltage and binarizes it and a switching 
means 1 1 which connects an output side of the 
signal amplifying means and an input side of the 
sample hold means. Here, the operation processing 
means switches between performing subtraction 
processing of a signal to be inputted and reference 
voltage to output and outputting them without 
performing subtraction processing based on an 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a semiconductor integrated circuit and a driving method thereof and, more 
particularly, to a semiconductor integrated circuit suitably applicable to a successive comparison A-D 
converter, and a driving method thereof. 

2. Related Background Art 

With present development of digital signal processing, the A-D converters for converting an analog signal 
to a digital signal are important technology and the A-D converters of various methods (hereinafter referred 
to as AD converters) have been developed heretofore. Particularly in high-speed applications, the 
mainstream converters are flash AD converters wherein there are comparison voltages corresponding to all 
levels of a quantization range and in the case of N-bit conversion, the converter has (2N-1) comparators for 
concurrent comparison and encoding. Since the number of comparators was large, such AD converters 
were not suitable for applications to portable remote terminals and the like requiringlow power 
consumption. Therefore, the successive comparison AD converters, which are AD converters of low power 
consumption, have widely been and are used. 

FIG. 1 is a block diagram to show an example of the successive comparison AD converter. An analog 
signal to be converted is applied to input terminal 50 to be input to a (+) input terminal of comparator 5 1 . 
Connected to a (-) input terminal of the comparator 51 is an output of D-A converter 54 whose input bit is 
set by successive comparison register 53 and which generates a comparison analog voltage. 

A control circuit 52 sets a value of the successive comparison control register 53, based on a result of the 
comparator 5 1 , to control the output of the DA converter 54. In the successive comparison AD converter, 
the analog signal input is successively converted bit by bit from MSB (Most Significant Bit) into a digital 
code. Let us consider successive comparison of N bits. In response to a control signal from the control 
circuit 52, the successive comparison register sets 1 at the N-th bit, which is the MSB, and 0 to the other 
bits. This code is applied to the DA converter 54 to be converted into an analog comparison signal Vda. In 
this case, the analog comparison signal Vda is generated as a voltage equal to a half of the entire 
quantization range, which is compared with the analog input signal Vin applied to the input terminal 50. 
When Vin>Vda, the output from the comparator 51 becomes "H" to be sent to the control circuit 52. 
Receiving "H", the control circuit 52 rewrites the data in the successive comparison register so as to set 1 
to the lower bit (MSB-1) while maintaining 1 in the MSB, which is the bit having been compared so far, 
and then sends the result to the DA converter 54. In this case, the MSB bit is determined to be 1 and the' 
next comparison operation is carried out with setting 1 in the (MSB-1) bit. When Vin<Vda, the output of 
the comparator 51 is "L" and is sent to the control circuit 52. Receiving "L", the control circuit 52 rewrites 
the data in the successive comparison register so as to change the MSB, which is the bit having been 
compared so far, from 1 to 0 and set 1 in the lower bit (MSB-1), and sends the result to the DA converter 
54. In this case, the MSB bit is determined to be 0, and then the next comparison operation is carried out 
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with setting 1 in the (MSB-1) bit. This operation is repeated while performing the comparison and register 
setting in order from the upper bit to the lower bit, so that the data of the successive comparison register 
finally becomes a binary code resulting from the A-D conversion of the analog input signal Vin applied to 
the input terminal 50. 

For configuring a successive comparison AD converter with many bits, however, the successive 
comparison AD converter shown in FIG. 1 was not suitable because the number of bits of the DA converter 
54 for generating the analog comparison voltage needed to be the same as the number of bits of the AD 
converter, resulting in increasing the circuit scale and in turn increasing power consumption. The 
conversion accuracy of the AD converter of the successive conversion method was mainly dependent upon 
errors of the DA converter 54, and the increase in the number of bits degraded the accuracy of DA 
converter 54. As a result, the AD convertor came to lack monotonicity and make a coding error. 

" SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semiconductor integrated circuit that can perform highly 
accurate A-D conversion by a simple circuit configuration, and a driving method thereof. 

Another object of the present invention is to provide a semiconductor integrated circuit that can perform 
the A-D conversion operation with low power consumption and in high integration without increase in the 
circuit scale, and a driving method thereof. 

Still another object of the present invention is to provide a semiconductor integrated circuit comprising: 
signal amplifying means (2, 10 in FIG. 2) capable of switching a gain, preferably, to 1 or 2; arithmetic 
processing means (7, 9 in FIG. 2) connected to an input side of the signal amplifying means, the arithmetic 
processing means carrying out a subtraction process of a reference voltage from a signal input thereto to 
output a result of the subtraction process, or outputting the signal input thereto without performing the 
subtraction process; changeover means (8 in FIG. 2) whose one changeover terminal is connected to a 
signal input terminal (1 in FIG. 2) and whose other changeover terminal is connected to an output side of 
sample hold means (5, 6 in FIG. 2), a common terminal of the changeover means being connected to an 
input side of the arithmetic processing means; a comparator (3 in FIG. 2) connected to an output side of the 
signal amplifying means, the comparator comparing an output from the signal amplifying means with the 
reference voltage (12 in FIG. 2) to binarize the output; and switch means (1 1 in FIG. 2) connecting the 
output side of the signal amplifying means to an input side of the sample hold means; 

wherein the arithmetic processing means (7, 9 in FIG. 2) carries out a changeover (a changeover of 9 in 
FIG. 2) between performing the subtraction process of the reference voltage from the signal input thereto to 
output the result and outputting the signal input without performing the subtraction process, based on an 
output from the comparator (3 in FIG. 2). 

Another object of the present invention is to provide a semiconductor integrated circuit comprising: signal 
amplifying means (2 in FIG. 4) capable of switching a gain, preferably, to 1 or 2 and capable of performing 
a changeover between performing a subtraction process of a reference voltage from a signal input thereto 
to output a result of the subtraction process and outputting the signal input thereto without performing the 
subtraction process; changeover means (8 in FIG. 4) whose one changeover terminal is connected to a 
signal input terminal (1 in FIG. 4) and whose other changeover terminal is connected to an output side of 
sample hold means (5, 6 in FIG. 4), a common terminal of the changeover means being connected to an 
input side of the signal amplifying means; a comparator (3 in FIG. 4) connected to an output side of the 
signal amplifying means, the comparator comparing an output from the signal amplifying means with the 
reference voltage (12 in FIG. 4) to binarize the output; and switch means (1 1 in FIG. 4) connecting the 
output side of the signal amplifying means to an input side of the sample hold means; wherein the signal 
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amplifying means (2 in FIG. 4) carries out the changeover (a changeover of 9 in FIG. 4) between 
performing the subtraction process of the reference voltage from the signal input thereto to output the result 
and outputting the signal input thereto without performing the subtraction process, based on an output from 
the comparator (3 in FIG. 4). 

Still another object of the present invention is to provide a method for driving a semiconductor integrated 
circuit comprising: signal amplifying means capable of switching a gain; arithmetic processing means 
connected to an input side of the signal amplifying means, the arithmetic processing means carrying out a 
subtraction process of a reference voltage from a signal input thereto to output a result of the subtraction 
process, or outputting the signal input thereto without performing the substraction process; changeover 
means whose one changeover terminal is connected to a signal input terminal and whose other changeover 
terminal is connected to an output side of sample hold means, a common terminal of the changeover means 
being connected to an input side of the arithmetic processing means; a comparator connected to an output 
side of the signal amplifying means, the comparator comparing an output from the signal amplifying means 
with the reference voltage to binarize the output; and switch means connecting the output side of the signal 
amplifying means to an input side of the sample hold means; wherein the arithmetic processing means 
carries out a changeover between performing the subtraction process of the reference voltage from the 
signal input thereto to output the result and outputting the signal input thereto without performing the 
subtraction process, based on an output from the comparator, the driving method comprising an MSB 
(Most Significant Bit) conversion mode in which the gain of the signal amplifying means is set to 1 and the 
changeover means electrically connects the signal input terminal to the input side of the arithmetic 
processing means. 

A further object of the present invention is to provide a method for driving a semiconductor integrated 
circuit comprising: signal amplifying means capable of switching a gain and capable of performing a 
changeover between performing a subtraction process of a reference voltage from a signal input thereto to 
output a result of the subtraction process and outputting the signal input thereto without performing the 
subtraction process; changeover means whose one changeover terminal is connected to a signal input 
terminal and whose other changeover terminal is connected to an output side of sample hold means, a 
common terminal of the changeover means being connected to an input side of the signal amplifying 
means; a comparator connected to an output side of the signal amplifying means, the comparator 
comparing an output from the signal amplifying means with the reference voltage to binarize the output; 
and switch means connecting the output side of the signal amplifying means to an input side of the sample 
hold means; wherein the signal amplifying means carries out the changeover between performing the 
subtraction process of the reference voltage from the signal input thereto to output the result and outputting 
the signal input thereto without performing the subtraction process, based on an output from the 
comparator, the driving method comprising an MSB (Most Significant Bit) conversion mode in which the 
gain of the signal amplifying means is set to 1 and the changeover means electrically connects the signal 
input terminal to the input side of the signal amplifying means. 

The present invention can realize the successive conversion operation by comparing an input analog signal 
with the reference voltage 12 of the reference power supply and feeding the input analog signal as it is or a 
difference resulting from the subtraction of the reference voltage value therefrom back to the input, based 
on the comparison result; therefore, the present invention can achieve the simple circuit of low power 
consumption using only the comparator but necessitating no DA converter. This permits the highly 
accurate successive conversion AD converter to be constructed without increase in hardware against 
increase in the number of conversion bits. 

In a preferred embodiment of the present invention, the gain of the signal amplifying means 2 is set to 1 in 
the MSB conversion mode where the first changeover means 8 electrically connects the signal input 
terminal 1 to the input side of the arithmetic processing means (7, 9 in FIG. 2) or the signal amplifying 
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means (2 in FIG. 4), or the gain of the signal amplifying means 2 is set to 2 in the conversion mode except 
for the MSB conversion mode, where the first changeover means electrically connects the signal input 
terminal to the output side of the sample hold circuit. 

This setup realizes the successive comparison AD converter with the reduced number of circuit elements, 
which can be set in each bit conversion mode simply by switching the gain of the signal amplifying means 
between in the MSB conversion mode and in the conversion mode except for the MSB conversion mode. 

In a preferred embodiment of the present invention, after such an operation that a signal before AD 
conversion is applied to the signal input terminal 1, that the signal is amplified by a factor of 1 or 2 by the 
signal amplifying means 2, and that a binary comparison operation of the comparator 3 is completed, first 
switch means 1 1 is switched on, whereby either after execution of the subtraction process of subtracting a 
signal of the reference voltage from the signal before the AD conversion when the output of the comparator 
is active or after execution of an arithmetic process of not performing the subtraction process of the signal 
of the reference voltage from the signal before the AD conversion when the output of the comparator is 
non-active, an output from the signal amplifying means is supplied to the sample hold circuit 5. 

This setup achieves highly accurate AD conversion even with increase in the number of conversion bits 
using only a 1-bit AD converter in terms of the hardware in such a way that the suitable processes are 
carried out for the input analog signal to be converted, based on the quantized result, by use of one 
comparator or 1-bit AD converter and the signal is held as input information of the next conversion bit. 

In a preferred embodiment of the present invention, the signal amplifying means comprises an operational 
amplifier (2 in FIG. 4), a non-inverting input terminal of the operational amplifier is connected through 
first capacitor means (23 in FIG. 4) to second changeover means (20 in FIG. 4), one terminal of the second 
changeover means is connected to a second reference power supply (27 in FIG. 4), the other terminal is 
connected to an output of the first changeover means (8 in FIG. 4), an inverting input terminal of the 
operational amplifier is connected through second capacitor means (24 in FIG. 4) to third changeover 
means (9 in FIG. 4) and also connected through third capacitor means (25 in FIG. 4) to the output of the 
operational amplifier, one terminal of the third changeover means is connected to the ground potential (27 
in FIG. 4), the other terminal is connected to the first reference power supply (12 in FIG. 4), and the third 
changeover means is controlled by a binary output from the comparator. 

This setup permits the difference between the input voltage value and the reference voltage value to be 
input accurately by alternate writing of the reference voltage value and the input signal value through the 
first capacitor means connected to the non-inverting input terminal of the operational amplifier, thus 
realizing the accurate signal processing without being affected by the offset of the operational amplifier or 
the like. Since the conversion operation of the compared input analog signal to the lower bit can be 
realized by the simple control and circuit configuration wherein the circuit has the switch (changeover 
means) connected through the second capacitor means connected to the inverting terminal of the 
operational amplifier to the ground potential or to the reference voltage value and wherein the switch is 
flipped to the reference voltage value in the reset mode or either to the reference voltage value or to the 
ground potential after the AD conversion, based on the output result of the comparator or 1-bit AD 
converter, the accuracy of range conversion can be improved remarkably and the number of quantization 
conversion bits of the successive comparison AD converter can be increased greatly. 

In a preferred embodiment of the present invention, the third changeover means (9 in FIG. 4) is connected 
to the first reference power supply (12 in FIG. 4) when the binary output of the comparator (3 in FIG. 4) is 
active; whereas the third changeover means is connected to the ground potential (27 in FIG. 4) when the 
binary output is non-active. 
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In this setup, according to the bit conversion result, with the bit output of "H" the voltage equal to a half of 
the full range is subtracted from the input analog signal and the result is returned to the feedback loop; with 
the bit output of "L" the input analog signal is returned to the feedback loop without any process, whereby 
only one stage of the capacitance-coupled operational amplifier can perform the subtraction process etc. 
necessary for comparison of the next bit output, which enhances the accuracy, which realizes the 
processing circuit without a need for a special circuit, and which decreases the power consumption. 

As described above, the present invention employs the signal loop circuit configuration using the 
capacitance-coupled operational amplifier, sample hold circuits, and 1-bit quantizing comparator to 
perform the quantization judgment in order from the MSB of the upper bit, thereafter perform the 
subtraction process from the input analog signal, based on the quantization result, perform the range 
expanding process, and feed the analog signal after these processes back to the input, and then perform the 
quantization operation of the next bit, whereby the analog processing can be carried out with high accuracy 
by the simple configuration including the one-stage capacitance-coupled operational amplifier and sample 
hold circuits, thereby realizing the successive comparison AD converter for a string of many bits in the 
small circuit scale, in high integration, and with low power consumption while drastically improving the 
quantization conversion error. 

The configurations according to the present invention were described above referring to FIG. 2 and FIG. 4, 
but it should be noted that the present invention is by no means intended to be limited to only the 
configurations of FIG. 2 and FIG. 4 nor to the embodiments described hereinafter. A variety of 
modifications and combinations can also be suitably contemplated according to the necessity within the 
spirit and scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram for explaining an example of the successive comparison AD 
converter; 

FIG. 2 is a schematic circuit diagram for explaining an example of the semiconductor integrated circuit 
according to the present invention; 

FIG. 3 is a drawing for explaining an example of the operation in the circuit shown in FIG. 2; 

FIG. 4 is a schematic circuit diagram for explaining another example of the semiconductor integrated 
circuit according to the present invention; 

FIGS. 5, 6, 7 and 8 are circuit diagrams for explaining an example of the operation in the circuit shown in 
FIG. 4; and 

FIGS. 9, 10, 1 1 and 12 are circuit diagrams for explaining an example of the operation in the circuit shown 
in FIG. 4 after the MSB (Most Significant Bit). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention will be described in detail by reference to the drawings. 
First Embodiment 

FIG. 2 is a schematic circuit diagram t o show the first embodiment of the present invention. In FIG. 2, an 
analog signal to undergo the A-D conversion is applied to the input terminal 1 to be input through switches 
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8, 9, 10 to a non-inverting input terminal (+input terminal) of comparator 3. A reference voltage is applied 
from a reference power supply 12 to an inverting input terminal (-input terminal) of the comparator 3. 
When the analog signal applied to the input terminal 1 is larger than the reference voltage of the reference 
power supply 12, the output of the comparator 3 becomes "H"; when smaller, the output of the comparator 
3 becomes "L". The reference power supply 12 is a dc voltage source having a voltage value (Vref) equal 
to a half of a voltage full range Vfull which the analog signal to undergo the AD conversion can take. 
Namely, the relation of Vref=VfiilI/2 exists. Since the successive comparison AD converter in the present 
embodiment performs the AD conversion successively from the most significant bit MSB, the operation in 
the above description is the one in a mode upon conversion of MSB. When the analog signal applied to the 
input terminal 1 is larger than the reference voltage of the reference power supply 12 and thus the output of 
the comparator 3 is "H", a quantizing value of MSB is determined to be 1 and the switch 9 is controlled so 
that an output of the switch 9 is an output of a subtractor 7 for subtracting the reference voltage value of the 
reference power supply 12 from the analog signal applied to the input terminal 1 . 

As a preparation operation for AD conversion of a lower bit, the signal passes through signal amplifier 2 
for doubling the analog signal having undergone subtraction, so as to be amplified twice and expand the 
range. The amplified signal becomes an output of the switch 10. When the analog signal applied to the 
input terminal 1 is smaller than the reference voltage of the reference power supply 12 and thus the output 
of the comparator 3 is "L", a quantizing value of MSB is determined to be 0 and the switch 9 is controlled 
so that the analog signal applied to the input terminal 1 is outputted as an output of the switch 9 as it is. As 
a preparation operation for AD conversion of a lower bit, the signal then passes through the signal 
amplifier 2 for doubling the analog signal being the output of the switch 9, so as to be amplified twice and 
expand the range. The amplified signal is outputted as an output of the switch 10. The analog signal thus 
processed for conversion of the lower bit is supplied through switch 1 1 to a first sample hold circuit (S/H) 
5 to be held there temporarily. After completion of the quantization operation in the AD conversion 
section, the switch 1 1 is switched off and switch 13 is switched on whereby the analog signal for AD 
conversion of the next bit is input into a second sample hold circuit (S/H) 6. Then the switch 13 is switched 
off to hold this value. Then the switch 8 turns into a mode for supplying an output of the sample hold 
circuit 6 to the AD conversion section. In the processes of the other bits than the MSB, the output of the 
sample hold circuit 6 is set to be an output of switch 8. Namely, in the processes of the other bits than the 
MSB the output signal of the AD conversion section is fed through the sample hold circuits 5, 6 back to the 
input of the AD conversion section. 

FIG. 3 is a drawing for explaining the AD conversion architecture of the present embodiment. The 
illustration of FIG. 3 is an example where the successive comparison AD converter is of three bits in the 
present embodiment, but it is a matter of course that the AD converters according to the present invention 
are not limited to this number of bits. 

The analog signal applied to the input terminal 1 in FIG. 2 is indicated by 14 in FIG. 3. Numeral 119 
designates the quantization range of the input analog signal in the MSB, and the quantization range is 
equally divided into three bits, i.e., into eight levels. Quantization representative points 000 to 1 1 1 are 
assigned to the respective quantization levels. The reference potential, Vref, of the reference power supply 
12 in the comparator of FIG. 2 is located at the center of the quantization range 1 19. When the signal 
surpasses this value, the output of the comparator 3 of FIG. 2 becomes "H" whereby the quantization code 
of the MSB is determined to be "1 When the input analog signal does not surpass this value, the output of 
the comparator 3 becomes "L" and the quantization code of the MSB is determined to be "0". In the 
example of FIG. 3, because the input analog signal 14 is smaller than the reference potential Vref 12, the 
output of the comparator (Comp) 3 becomes M L" and the MSB is determined to be "0". 

For next carrying out quantization of the (MSB1) bit being the next lower bit, the signal is supplied to the 
signal amplifier 2 having the gain of 2 without passing the subtractor 7 of FIG. 2, because the analog signal 
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in the MSB was smaller than the reference potential Vref 12 and thus the output of the comparator 3 was 
"L". The signal undergoes analog amplification by the signal amplifier 2 to expand the range twice, thus 
becoming the analog signal indicated by 15 in FIG. 3. This signal is fed through the sample hold circuits 5, 
6 of FIG. 2 back to the input of the AD conversion section to undergo the AD conversion of the (MSB-1) 
bit. Since the signal this time is the one after expansion of the range, the quantization range 120 for the 
analog signal 1 5 of FIG. 3 input into the AD conversion section is double the levels below the reference 
potential Vref 12 of the quantization range 1 19 for the MSB, whereby quantization of the (MSB-1) bit is 
realized. Since the quantization range 120 is expanded to double the quantization range 1 19, the 
quantization range has the quantization levels obtained by quartering the full range. The reference potential 
Vref 12 of the reference power supply at the comparator 3 of FIG. 2 is located at the center of the 
quantization range 120. When the signal surpasses this value, the output of the comparator 3 of FIG. 2 
becomes "H" and the quantization code of (MSB-1) is determined to be "1". When the input analog signal 
is smaller than this value, the output of the comparator 3 becomes "L" and the quantization code of 
(MSB-1) is determined to be "0". Since in the example of FIG. 3 the input analog signal 15 is larger than 
the reference potential Vref 12, the output of the comparator 3 is "H" and (MSB-1) is determined to be "P. 

For next quantizing the (MSB-2) bit being the next lower bit, because the analog signal 15 in the (MSB-1) 
was over the reference potential Vref 12 and thus the output of the comparator 3 was "H", an analog signal 
17, resulting from subtraction of a portion of the analog signal 15 corresponding to the reference potential 
Vref 12 from the analog signal 15 input to the subtractor 7 of FIG. 2, undergoes analog amplification by the 
signal amplifier 2 having the gain of 2, so as to double the range, thus becoming an analog signal 1 8 shown 
in FIG. 3. Then the analog signal 18 is fed through the sample hold circuits 5, 6 of FIG. 2 back to the input 
of the AD conversion section to undergo the AD conversion for the bit of MSB-2 (LSB). Since the signal at 
this time is the one after expansion of the range, the quantization range 121 for the analog signal 18 of FIG. 
3 input to the AD conversion section is double the levels above the reference potential Vref 12 of the 
quantization range 120 for the (MSB-1), thus realizing the range expanding operation for quantization of 
the (MSB-2) bit. Since the quantization range 121 is twice larger than the quantization range 120, the 
quantization range 121 has quantization levels obtained by halving the full range, and the reference 
potential Vref 12 of the reference power supply at the comparator 3 in FIG. 2 is located at the center of the 
quantization range 121 . When the signal surpasses this value, the output of the comparator 3 of FIG. 2 
becomes "H", so that the quantization code of MSB-2 (LSB) is determined to be "1". When the input 
analog signal is smaller than this value, the output of the comparator 3 becomes "L" and the quantization 
code of MSB-2 (LSB) is determined to be "0". In the example of FIG. 3 where the input analog signal 18 is 
larger than the reference potential Vref 12, the output of the comparator 3 is "H" and MSB-2 (LSB) is 
determined to be "1". This completes the successive comparison of MSB, MSB-1, and MSB-2 (LSB) to 
encode the input signal to the AD conversion code of 01 1 . 

As described above, it becomes possible to perform highly accurate successive comparison by such a 
simple circuit configuration as to expand the range of the analog signal after the AD conversion, feed the 
range-expanded signal back to the AD conversion section by the feedback loop, and again subject the 
signal to the AD conversion. Accordingly, the DA converter 54 shown in FIG. 1 is not necessary; and with 
increase in the number of quantizing bits of the AD conversion, to achieve high accuracy was difficult by 
the circuit configuration of FIG. 1 because the accuracy of the AD conversion was determined by the 
conversion accuracy of the internal DA converter 54; whereas the present embodiment is arranged so that 
the accuracy of the AD conversion is determined only by the subtraction accuracy of the subtractor 7 and 
the determination accuracy of the signal amplifier 2 for expansion of range and the comparator 3, and thus 
increase in the number of quantization bits will not result in increasing quantization errors of the AD 
conversion, thus realizing the highly accurate successive comparison AD converter of many bits. 

Second Embodiment 
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FIG. 4 is a schematic circuit diagram to show the second embodiment of the present invention. In FIG. 4, 
an analog signal to undergo the AD conversion is applied to the input terminal 1 to be input to switch 8. 
The other input of the switch 8 is connected to second sample hold circuit 6, in which an analog conversion 
signal after MSB is held. An output of the switch 8 is input to switch 20 and the other input of the switch 
20 is connected to the ground potential 27. An output of the switch 20 is connected to first capacitor 23 and 
the other terminal of the first capacitor 23 is connected to a non-inverting input terminal (+input terminal) 
of operational amplifier 2. Connected to an inverting input terminal (-input terminal) of the operational 
amplifier 2 is a common connection point between one terminal of second capacitor 24 and one terminal of 
third capacitor 25, and the other terminal of the third capacitor 25 is connected to the output of the 
operational amplifier 2, thus forming a feedback loop of capacitive coupling. The other terminal of the 
second capacitor 24 is connected to the output of switch 9, one input terminal of the switch 9 is connected 
to the reference power supply 12, and the other input terminal thereof is connected to the ground potential 
27. A control terminal of the switch 9 is controlled by the output of comparator 3, and the signal 
subtraction operation is carried out here. The output of the operational amplifier 2 is connected through 
switch 22 to the inverting input terminal of the operational amplifier 2. When a reset control signal 26 
becomes active, the operational amplifier 2 is set into a mode of voltage follower of gain 1 . A common 
connection point between the non-inverting input terminal of the operational amplifier 2 and the first 
capacitor 23 is connected through switch 21 to the ground potential 27. The switch 21 is turned on by a 
reset control signal 28 to reset the non-inverting input terminal of the operational amplifier 2 to the ground 
potential 27. The output of the operational amplifier 2 is connected to the non-inverting input terminal of 
comparator 3 and to switch 1 1 . The reference voltage Vref 12 of the reference power supply is applied to 
the inverting input terminal of the comparator 3. When the output of the operational amplifier 2 is larger 
than the reference potential Vref 12, the comparator outputs "H"; when smaller, it outputs "L". This output 
of the comparator 3 is a quantized output of the input analog signal undergoing successive comparison, and 
is also the control signal of the switch 9 to control postprocessing (subtraction or doing nothing) of the 
input analog signal after the AD conversion. The signal having undergone the postprocessing of the input 
analog signal after the AD conversion passes the switch 1 1 to be input to the first sample hold circuit 5 and 
be held as an analog signal for AD conversion of the next bit. The held signal is input through the switch 
13 into the second sample hold circuit 6, and the analog signal Vin for AD conversion of the bit after the 
MSB is circularly fed back from the output of the second sample hold circuit 6 through the switch 8 to the 
input portion. 

The operation in each mode will be described referring to the drawings. The circuit operation in the 
conversion of MSB will be described referring to FIG. 5 to FIG. 8. In FIG. 4, the switch 8 is flipped to the 
side of the input terminal 1 to first apply an analog signal to undergo the AD conversion to the input 
terminal of the switch 20. An equivalent circuit at this time is shown in FIG. 5. 

The circuit always has a reset mode prior to the arithmetic operation, to set an initial value of each 
capacitor. The switch 20 is connected to the ground potential 27, the switch 21 is switched on to be 
connected to the ground potential 27, and the switch 22 is switched on to short the output and the inverting 
input terminal of the operational amplifier 2 to fix the operational amplifier 2 in the mode of voltage 
follower. The switch 9 is connected to the ground potential 27. FIG. 6 is an equivalent circuit diagram 
upon the reset before the MSB conversion. The both terminals of the first capacitor 23 are connected to the 
ground potential 27, the inverting input terminal of the operational amplifier 2 is shorted to the output 
thereof to compose the voltage follower, and the non-inverting input terminal of the operational amplifier 2 
is connected to the ground potential 27; therefore, the output of the operational amplifier 2 is also at the 
same potential as the ground potential 27. 

Then the switch 20 is flipped to the side of the input terminal 1 to take in the input analog signal and 
perform the quantizing operation thereof. This signal input-comparison mode is shown in FIG. 7. The input 
terminal 1 is connected to one terminal of the first capacitor 23 and the potential of the terminal of the 
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capacitor changes from the ground potential to that of the analog signal input. Since the switch 21 
connected to the other terminal of the capacitor 23 is switched off, the non-inverting input terminal of the 
operational amplifier 2 is at high impedance and this point becomes floating. Since the potential at this 
point changes by the same as the change of the potential at the input terminal of the first capacitor 23, the 
output of the operational amplifier 2 becomes equal to Vin. The comparator 3 receives this Vin to compare 
it with the reference voltage Vref 12 of the reference power supply, which is the voltage equal to a half of 
the input analog full range. When Vin is larger than the reference voltage Vref 12, the comparator outputs 
"H" to determine the quantization code of MSB to be "1". When Vin is smaller than the reference voltage 
Vref 12, the comparator outputs "L M to determine the quantization code of MSB to be "0". Then the 
comparator outputs the result to the output terminal 4. 

The circuit completes the MSB conversion operation here and moves to the preparation and range 
expansion operation for conversion of MSB-1 . FIG. 8 is an equivalent circuit diagram of the 
postprocessing and range expansion operation mode. The output 4 of the comparator 3 is connected to the 
control terminal of the switch 9. When Vin is smaller than the reference voltage Vref 12, "L" is input to the 
control terminal of the switch 9 and the switch 9 is kept in the connected state to the ground potential 27. 
At this time, the switch 22 is switched off, so that the third capacitor 25 is connected between the inverting 
input terminal and the output of the operational amplifier 2. The capacitances of the second capacitor 24 
and the third capacitor 25 are set equal to each other. At the same time as the off of the switch 22, the gain 
of the operational amplifier 2 is set to 2, and thus the operational amplifier 2 doubles the input analog 
signal Vin used for the conversion of MSB and outputs the doubled signal. At this time, the switch 1 1 is 
switched on during the transition of from 1 to 2 of the gain of the operational amplifier 2, and is switched 
off when the output becomes stable after the setting of the gain to 2. This sampling operation causes the 
first sample hold circuit 5 to hold the voltage of double Vin used for the comparison of MSB, and the 
voltage is circularly fed back to the analog input terminal of the AD conversion section upon the 
quantization operation of the next lower bit. When Vin is larger than the reference voltage Vref 12 of the 
reference power supply, "H" is input to the control terminal of the switch 9, so that the switch 9 switches 
the input from the ground potential 27 to the reference voltage Vref 12. At this point, the switch 22 is 
switched off and thus the third capacitor 25 is connected between the inverting input terminal and the 
output of the operational amplifier 2. The capacitances of the second capacitor 24 and the third capacitor 
25 are set equal to each other. At the same time as the off of the switch 22, the switch 9 also transitions 
from the ground potential 27 to the reference voltage Vref 12, so that the operational amplifier 2 doubles 
(Vin- Vref), which is the result of subtraction of Vref from Vin, and outputs the result. At this time, the 
switch 11 is kept on during a period in which the floating point of the operational amplifier 2 achieves the 
calculation of Vin- Vref and the gain transitions from 1 to 2, and the switch 1 1 is switched off when the 
output becomes stable after the setting of the gain to 2. This sampling operation causes the first sample 
hold circuit 5 to hold the value of double the voltage resulting from the subtraction of Vref from Vin 
compared on the occasion of the MSB, and the held voltage is circularly fed back to the analog input 
terminal of the AD conversion section upon the quantization operation of the next lower bit. 

As described above referring to FIG. 5 to FIG. 8, after the MSB conversion using the capacitance-coupled 
operational amplifier, the input analog signal having undergone the signal amplification with the process 
gain 1 is compared with the reference voltage Vref 12 and quantized by the comparator 3 and, for the 
process of the next (MSB-1) bit, the input analog signal undergoes the postprocessing (doing nothing when 
the quantization code is M 0" or performing the subtraction of Vin- Vref when the quantization code is "1") 
and the range expanding process (doubling the analog signal after the postprocessing to match the signal 
with the scale for the next (MSB-1) bit which next undergoes the AD conversion) to be circularly fed back 
through the sample hold circuits to the input. 

The architecture after the MSB, particularly the architecture for the AD conversion of (MSB-1) bit will be 
described using FIG. 9 to FIG. 1 2. 
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FIG. 9 illustrates an equivalent circuit during the AD conversion of MSB- 1 . The switch 8 is flipped to the 
output side of the second sample hold circuit 6 holding the analog signal voltage for the (MSB-1) bit after 
the postprocessing and range expansion process, thereby inputting this signal as an analog signal for the 
next AD conversion. The switch 13 is kept off to maintain the second sample hold circuit 6 in the state 
holding the analog signal voltage for the (MSB-1) bit. 

The circuit always has the reset mode prior to the arithmetic operation, to set the initial value of each 
capacitor/The switch 20 is connected to the ground potential 27, the switch 21 is on to be connected to the 
ground potential 27, and the switch 22 is switched on to short the output and inverting input terminal of the 
operational amplifier 2 to fix the operational amplifier 2 in the mode of voltage follower. The switch 9 is 
connected to the ground potential 27. FIG. 10 is an equivalent circuit diagram upon the reset before the 
conversion of MSB-1 . The both terminals of the first capacitor 23 are connected to the ground potential 27, 
the inverting input terminal of the operational amplifier 2 is shorted to the output to keep the operational 
amplifier 2 as a voltage follower, and the non-inverting input terminal of the operational amplifier 2 is 
connected to the ground potential 27; therefore, the output of the operational amplifier 2 becomes equal to 
the ground potential 27. 

Then the switch 20 is flipped to the side of the switch 8 (i.e., to the output side of the second sample hold 
circuit 6) to take in the analog signal voltage for the (MSB-1) bit and quantize it. This analog signal 
input-comparison mode for the (MSB-1) bit is illustrated in FIG. 1 1 . The output of the second sample hold 
circuit 6 is connected to one terminal of the first capacitor 23, so that the potential of the terminal changes 
from the ground potential to the analog signal voltage 29 for the (MSB-1) bit input. Since the switch 21, 
which is connected to the other terminal of the capacitor 23, is switched off, the non-inverting input 
terminal of the operational amplifier 2 is at high impedance and this point becomes floating. Since the 
potential at this point changes by the same as the change of the potential at the input terminal of the first 
capacitor 23, the output of the operational amplifier 2 becomes equal to the analog signal voltage 29 for the 
(MSB-1) bit. The comparator 3 receives this analog signal voltage for the (MSB-1) bit and compares it 
with the reference voltage Vref 12, which is the voltage equal to a half of the input analog full range. When 
the analog signal voltage for the (MSB-1) bit is larger than the reference voltage Vref 12, the comparator 
outputs "H" to determine the quantization code of MSB-1 to be "1". When the analog signal voltage for the 
(MSB-1) bit is smaller than the reference voltage Vref 12, the comparator outputs "L" to determine the 
quantization code of MSB-1 to be "0". Then the comparator outputs the result to the output terminal 4. 

The circuit completes the (MSB-1) bit conversion operation here and, for conversion of the (MSB-2) bit, 
the circuit moves to the postprocessing and range expansion processing of the (MSB-1) bit analog signal. 
FIG. 12 is an equivalent circuit diagram of the preparation and range expansion processing mode. The 
output terminal 4 of the comparator 3 is connected to the control terminal of the switch 9. When the analog 
signal voltage for the (MSB-1) bit is smaller than the reference voltage Vref 12, "L" is input to the control 
terminal of the switch 9 to keep the switch 9 in the connected state with the ground potential 27. At this 
time, the switch 22 is switched off, so that the third capacitor 25 is connected between the inverting input 
terminal and the output of the operational amplifier 2. The capacitances of the second capacitor 24 and the 
third capacitor 25 are set equal to each other. At the same time as the off of the switch 22, the gain of the 
operational amplifier 2 is set to 2, and the operational amplifier 2 thus doubles the analog signal voltage for 
the (M SB-1) bit used for the conversion of MSB-1 and outputs the result. At this time, the switch 1 1 is kept 
on during the transition of from 1 to 2 of the gain of the operational amplifier 2 and is switched off when 
the output becomes stable after the setting of the gain to 2. This sampling operation causes the first sample 
hold circuit 5 to hold the voltage equal to double the analog signal voltage for the (MSB-1) bit compared 
upon the conversion of MSB-1 . For circularly feeding the voltage back to the analog input terminal of the 
AD conversion section upon the quantizing operation of the next lower bit (MSB-2), the analog signal 
voltage for the (MSB-1) bit held in the first sample hold circuit 5 is transferred to the second hold circuit 6 
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with the switch 13 being turned on. When the analog signal voltage for the (MSB-1) bit is greater than the 
reference voltage Vref 12, "H" is input to the control terminal of the switch 9 and thus the switch 9 
switches the input from the ground potential 27 to the reference voltage Vref 12. At this point, the switch 
22 is switched off, so that the third capacitor 25 is connected between the inverting input terminal and the 
output of the operational amplifier 2. The capacitances of the second capacitor 24 and the third capacitor 
25 are set equal to each other. At the same time as the off of the switch 22, the switch 9 also transitions 
from the ground potential 27 to the reference voltage Vref 12, and the operational amplifier 2 performs 
such amplification as to double {(the analog signal voltage for the (MSB-1) bit)-Vref}, which is the result 
of subtraction of Vref from the analog signal voltage for the (MSB-1) bit. At this time, the switch 1 1 is kept 
on during the period in which the floating point of the operational amplifier 2 carries out the calculation of 
{(the analog signal voltage for the (MSB-1) bit)- Vref} and in which the gain transitions from 1 to 2, and is 
switched off when the output becomes stable after the setting of the gain to 2. This sampling operation 
causes the first sample hold circuit 5 to hold the value of double the voltage resulting from the subtraction 
of Vref from the analog signal voltage for the (MSB-1) bit compared upon the conversion of MSB-1 . For 
circularly feeding the value back to the analog input terminal of the AD conversion section upon the 
quantizing operation of the next lower bit MSB-2, the switch 13 is switched on to transfer the analog signal 
voltage for the (MSB-1) bit held in the first sample hold circuit 5, to the sample hold circuit 6. 

As described above referring to FIG. 9 to FIG. 12, upon the AD conversion of the (MSB-1) bit using the 
capacitance-coupled operational amplifier, the input analog signal after the signal amplification with the 
process gain 1 is compared with the reference voltage Vref 12 and quantized by the comparator 3 and, for 
processing of the next bit (MSB-2), the analog signal voltage for the (MSB-1) bit undergoes the 
postprocessing (doing nothing when the quantization code is "0" or performing the subtraction of {(the 
analog signal voltage for the (MSB-1) bit)-Vref} when the quantization code is "1") and the range 
expanding process (doubling the analog signal after the postprocessing to match the signal with the scale 
for the next bit (MSB-2) which next undergoes the AD conversion) and the result is circularly fed back 
through the sample hold circuits to the input. 

The analog signal circuit having undergone the AD conversion in this way is subjected to the range 
expanding operation, the loop feedback, and again the AD conversion, thus enabling highly accurate 
successive comparison by the simple circuit configuration. Namely, the present embodiment does not 
necessitate the DA converter 54 as shown in FIG. 1 . With increase in the number of quantization bits of the 
AD conversion, it was difficult for the circuit shown in FIG. 1 to achieve high accuracy because the 
accuracy of the AD conversion was determined by the conversion accuracy of the DA converter 54; 
whereas, in the present embodiment, the accuracy of the AD conversion is determined only by the 
operation accuracy of the capacitance-coupled operational amplifier and the determination accuracy of the 
comparator, so that the increase in the number of quantization bits will not result in increasing the 
quantization errors of the AD conversion, thus realizing the highly accurate successive comparison AD 
converter of many bits. In the successive comparison AD converter of FIG. 1 , the increase in the number of 
quantization bits resulted in also increasing the number of bits of the internal DA converter 54 to N bits, 
which increased the circuit scale. In contrast, with the circuit of the present embodiment, the increase in 
the number of quantization bits does not result in increasing the circuit scale, so that the successive 
comparison AD converter can be constructed in high integration and with low power consumption. 

As detailed above, the present invention realizes the AD converter for successive conversion from the MSB 
to carry out the following processing by simple hardware: the analog signal after the AD conversion by the 
signal amplifier and sample hold circuits is subjected to the subtraction and range expanding processes 
based on the quantization result of a bit of interest to be converted to a processable analog voltage of the 
next bit and the voltage is fed back to the input to carry out the AD conversion of the next bit, thus 
permitting the highly accurate successive comparison AD conversion operation by the simple circuit 
configuration. The circuit is a flexible circuit without increase of the hardware against increase in the 
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number of quantization bits, thus achieving the successive comparison AD converter in high integration 
and with low power consumption. 

Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: US6259393 



What is claimed is: 

1. A semiconductor integrated circuit comprising: 

signal amplifying means capable of switching a gain to 1 or 2; 

arithmetic processing means connected to an input side of the signal amplifying means, said arithmetic 
processing means carrying out a subtraction process of a reference voltage from a signal input thereto to 
output a result of the subtraction process, or outputting the signal input thereto without performing the 
subtraction process; 

changeover means having one changeover terminal connected to a signal input terminal and having another 
changeover terminal connected to an output side of sample hold means, and having a common terminal of 
connected to an input side of said arithmetic processing means; 

a comparator connected to an output side of said signal amplifying means, said comparator comparing an 
output from said signal amplifying means with the reference voltage to binarize the output; and 
switch means connecting the output side of said signal amplifying means to an input side of said sample 
hold means; 

wherein said arithmetic processing means carries out a changeover, based on an output from said 
comparator, so that the subtraction of the reference voltage from the signal input is performed to output the 
result when the output from said signal amplifying means is larger than the reference voltage, and the 
signal input is outputted without performing the subtraction when the output from said signal amplifying 
means is not larger than the reference voltage, and 

said signal amplifying means amplifies twice the signal resulting from the subtraction of the signal 
outputted without the subtraction, when the signal inputted into said comparator is not greater than the 
reference voltage. 

2. The semiconductor integrated circuit according to claim 1, wherein the gain of said signal amplifying 
means is set to 1 in an MSB conversion mode where said changeover means electrically connects said 
signal input terminal to the input side of said arithmetic processing means. 

3. The semiconductor integrated circuit according to claim 1, wherein the gain of said signal amplifying 
means is set to 2 in a conversion mode except for an MSB conversion mode, where the changeover means 
electrically connects the output side of said sample hold means to the input side of said arithmetic 
processing means. 

4. The semiconductor integrated circuit according to claim 1, wherein after such an operation that a signal 
before AD conversion is applied to said signal input terminal, that the signal is amplified by a factor of 1 or 
2 by said signal amplifying means, and that a binary comparison operation of said comparator is 
completed, 

said switch means is switched on, whereby either after execution of the subtraction process of subtracting a 
signal of said reference voltage from said signal before the AD conversion when the output of the 
comparator is active or after execution of an arithmetic process of not performing the subtraction process 
of the signal of said reference voltage from said signal before the AD conversion when the output of the 
comparator is non-active, an output from said signal amplifying means is supplied to said sample hold 
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means. 

5. The semiconductor integrated circuit according to claim 1, wherein when said switch means is first 
switch means, said sample hold means comprises a first hold circuit and a second hold circuit connected 
through second switch means thereto, wherein when the first switch means is on, the second switch means 
is off, and wherein when said first switch means is off, the second switch means is on. 

6. A semiconductor integrated circuit comprising: 

signal amplifying means capable of switching a gain to 1 or 2 and capable of performing a changeover 
between performing a subtraction process of a reference voltage from a signal input thereto to output a 
result of said subtraction process and outputting the signal input thereto without performing the subtraction 
process; 

changeover means who one changeover terminal is connected to a signal input terminal and whose other 

changeover terminal is connected to an output side of sample hold means, a common terminal of said 

changeover means being connected to an input side of said signal amplifying means; 

a comparator connected to an output side of said signal amplifying means, said comparator comparing an 

output from said signal amplifying means with the reference voltage to binarize the output; and 

switch means connecting the output side of said signal amplifying means to an input side of said sample 

hold means; 

wherein said signal amplifying means carries out the changeover between performing the subtraction 
process of the reference voltage from the signal input thereto to output the result and outputting the signal 
input thereto without performing the subtraction process, based on an output from said comparator. 

7. The semiconductor integrated circuit according to claim 6, wherein the gain of said signal amplifying 
means is set to 1 in an MSB conversion mode where said changeover means electrically connects said 
signal input terminal to the input side of said signal amplifying means. 

8. The semiconductor integrated circuit according to claim 6, wherein the gain of said signal amplifying 
means is set to 2 in a conversion mode except for an MSB conversion mode, where the changeover means 
electrically connects the output side of said sample hold means to the input side of said signal amplifying 
means. 

9. The semiconductor integrated circuit according to claim 6, wherein after such an operation that a signal 
before AD conversion is applied to said signal input terminal, that the signal is amplified by a factor of 1 or 
2 by said signal amplifying means, and that a binary comparison operation of said comparator is 
completed, 

said switch means is switched on, whereby either after execution of the subtraction process of subtracting a 
signal of said reference voltage from said signal before the AD conversion when the output of the 
comparator is active or after execution of an arithmetic process of not performing the subtraction process 
of the signal of said reference voltage from said signal before the AD conversion when the output of the 
comparator is not-active, an output from said signal amplifying means is supplied to said sample hold 
means. 

10. The semiconductor integrated circuit according to claim 6, wherein when said switch means is first 
switch means, said sample hold means comprises a first hold circuit and a second hold circuit connected 
through second switch means thereto, wherein when the first switch means is on, the second switch means 
is of, and wherein when said first switch means is off, the second switch means is on. 

1 1 . A method for driving a semiconductor integrated circuit comprising: 
signal amplifying means capable of switching a gain to 1 or 2; 

arithmetic processing means connected to an input side of the signal amplifying means, said arithmetic 
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processing means carrying out a subtraction process of a reference voltage from a signal input thereto to 
output a result of the subtraction process, or outputting the signal input thereto without performing the 
subtraction process; 

changeover means having one changeover terminal connected to a signal input terminal and having another 
changeover terminal connected to an output side of sample hold means, and having a common terminal 
connected to an input side of said arithmetic processing means; 

a comparator connected to an output side of said signal amplifying means, said comparator comparing an 
output from said signal amplifying means with the reference voltage to binarize the output; and 
switch means connecting the output side of said signal amplifying means to an input side of said sample 
hold means; 

wherein said arithmetic processing means carries out a changeover, based on an output from said 
comparator, so that the subtraction of the reference voltage from the signal input is performed to output the 
result when the output from said signal amplifying means is larger than the reference voltage, and the 
signal input is outputted without performing the subtraction when the output from said signal amplifying 
means is not larger than the reference voltage, and 

wherein said signal amplifying means amplifies twice the signal resulting from the subtraction of the signal 
input into said arithmetic processing means, or the signal outputted without the subtraction when the signal 
inputted into said comparator is not greater than the reference voltage, and 

said driving method comprising an MSB (Most Significant Bit) conversion mode in which the gain of said 
signal amplifying means is set to 1, and said changeover means electrically connects said signal input 
terminal to the input side of said arithmetic processing means or said signal amplifying means. 

12. The method according to claim 1 1 , wherein in a conversion mode except for said MSB conversion 
mode, the gain of said signal amplifying means is set to 2. 

13. The driving method according to claim 1 1 , comprising a step wherein after such an operation that a 
signal before AD conversion is applied to said signal input terminal, that the signal is amplified by a factor 
of 1 or 2 by said signal amplifying means, and that a binary comparison operation of said comparator is 
completed, 

said switch means is switched on, whereby either after execution of the subtraction process of subtracting a 
signal of said reference voltage from said signal before the AD conversion when the output of the 
comparator is active or after execution of an arithmetic process of not performing the subtraction process 
of the signal of said reference voltage from said signal before the AD conversion when the output of the 
comparator is non-active, an output from said signal amplifying means is supplied to said sample hold 
means. 

14. The driving method according to claim 11, wherein when said switch means is first switch means, said 
sample hold means comprises a first hold circuit and a second hold circuit connected through second 
switch means thereto, wherein when the first switch means is on, the second switch means is off, and 
wherein when said first switch means is off, the second switch means is on. 

15. A method for driving a semiconductor integrated circuit comprising: 

signal amplifying means capable of switching a gain and capable of performing a changeover between 

performing a subtraction process of a reference voltage from a signal input thereto to output a result of said 

subtraction process and outputting the signal input thereto without performing the subtraction process; 

changeover means whose one changeover terminal is connected to a signal input terminal and whose other 

changeover terminal is connected to an output side of sample hold means, a common terminal of said 

changeover means being connected to an input side of said signal amplifying means; 

a comparator connected to an output side of said signal amplifying means, said comparator comparing an 

output from said signal amplifying means with the reference voltage to binarize the output; and 

switch means connecting the output side of said signal amplifying means to an input side of said sample 
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hold means; 

wherein said signal amplifying means carries out the changeover between performing the subtraction 
process of the reference voltage from the signal input thereto to output the result and outputting the signal 
input thereto without performing the subtraction process, based on an output from said comparator, 
said driving method comprising an MSB (Most Significant Bit) conversion mode in which the gain of said 
signal amplifying means is set to 1 and said changeover means electrically connected said signal input 
terminal to the input side of said signal amplifying means. 

16. The method according to claim 15, wherein in a conversion mode except for said MSB conversion 
mode, the gain of said signal amplifying means is set to 2. 

1 7. The driving method according to claim 15, comprising a step wherein after such an operation that a 
signal before AD conversion is applied to said signal input terminal, that the signal is amplified by a factor 
of 1 or 2 by said signal amplifying means, and that a binary comparison operation of said comparator is 
completed, 

said switch means is switched on, whereby either after execution of the subtraction process of subtracting a 
signal of said reference voltage from said signal before the AD conversion when the output of the 
comparator is active or after execution of an arithmetic process of not performing the subtraction process 
of the signal of said reference voltage from said signal before the AD conversion when the output of the 
comparator is non-active, an output from said signal amplifying means is supplied to said sample hold 
means. 

1 8. The driving method according to claim 15, wherein when said switch means is first switch means, said 
sample hold means comprises a first hold circuit and a second hold circuit connected through second 
switch means thereto, wherein when the first switch means is on, the second switch means is off, and 
wherein when said first switch means is off, the second switch means is on. 
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Auz^&zkzmmk -t&m&m 1 x«m*« 2 izm 
1 n?m 6 ] miex >r y ?-#a s-m-ox >r y 

k LttbZlz^ 

m%W>7)l>*->l> h'#a2r . m— <7)*-/UFI38&k3iS 

Brt^fl§j£U Mm-cox>f -yf-#a*^>-«B$ s fSJfl 
-iOX-f yf-#a*^7L. ISH-<7)X^ yf-#a*^ 

i-m&m 1 xtiit 2 <,zEm?)¥mmkm\2}8&. 

«^#ao^iiiffi^ k set i^z.o«je^a<^- 
sfg^Jism-^w^a^fflig^ tmrn^fixa 0 , 

RIkA^iS^ (im~<0^fi¥a5r^ LTffSH<0<nBt^a 
O^ttHF t nao|gHcO^S#a5: ^ t T IS^ 

^aii. mia3>'/N o i^-^-(7)2istb^iT-3>ba- 
^siis ; t s-itssk -tsif ^« 2 {cie^co^f^s 

t tftffik -t &m$m 7 <£W&co*mmmms&. 
m=<vAj yf-^as-^-LTmiie^rco^mffi^EpiD 

Sit. f^B«»MifiSWH^eRteA^JSg^35 i ^HOX'f 
•y f-#a§r^ LT ffing«3MIHi«<0ttiAn t ^$*tT 
v>4 i k 5r?fffi k -T -I. ii3<iS 7 (cfSiKco^^ftcmaiHl 
B. 

[ff^Jll 0 ] BUleX-f •y^a^lg-OX'f yf-# 

ak Lti k Z tc . ^-cox^f y 7 L . Btrie 

m-^^asiA'siH^^^a^Buifiis-osmm 
xji^izm&fr-commwKtfmazti. . immcox 

■i yf-#a*^>L. HuieRfeA^Jig^kBirlSrllfiftiifB 
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mwn 7f^g^7i, mzm—ntym^&x oft 

»S»<5oai*tt* £ Mien y;^- ^ — a&« 2 ffl-f fcjjigi 
£»«fc-*-4it##l 1 fc:lEO<50^»**«llI». 

£3|-<7>;U LM-co^ ytt&£jt 

tFHk&Sm*:- H fcifctt* d fc fc 1 
2tcieK^*^»@8S 0 

[ff^Jgl 4 ] m-<7)^ vtt®&*7 U ^ZCO 

^7 i fc fc: J: H mR 

iS^Cli:S:««fc-r4IB«*7Xtt»*Sl 3£Ett 

[000 1 ] 
[00 02] 

SWT'S) 0. £«*;*nS<OADSH*IB (&T\ a d u y 
t'-/ h^<0«^, 2N-lI^yA 6 l/-^-$ : j$t ) 

* - a*±arc s> & a* n w \° v - 9—om&3, ^ , mn 

ofco T-ffiflgffi^TJ) ^^<RJt®S A D r? >y 
[0003)112 tzmknm&iffitMA D 3 >A'-^ 
ffi^-5 OKEPJlJ^fU 3yAi/-^-5 10+AMf 

RfMffll SxX ? 5 3 <om £ LDA3yA'-^54 
oa^^nyho-zi^*,, la^tKiAD^yA'-^ 
MSBiOlh'7 hfo s jeS^xi/^/Pn 

2^^>oa>-ho-;Ufi^(cJ: OJi&JtfSU 
hS^ltC. fBjcOb'^hSrO 



^3fir^Q^jt«Mi-^vda(c$!as<i&. 

^S^ftiEHO 1 X 2 <vnj±&¥&± L „ A^SS^ 5 0 
9ttD$fL/cT^D^A^fi^V i nfcit«W£. V i n 
>Vda<0±|^\ 3 WnV— ^-5 1^0tt!^i(i "H" fc 

"h" £swR&fc. MtXftnuisxfcoftmt:. mt 

? hMSB-1* lfcrK^U DA3yA-^54{: 
i*£ 0 MSBt'7h<01liSKL, MBS — 

1 b' y Mc 1 ££TT. *<^Jt«HBtff«:ff -3. V i n< 
VdaO«^ 3y/\'l/-^-5 lOtfttltt "L" fc^r 
0. ©JfflI[HlS85 2(C^^ix^ 0 $iJffl@SS5 2Tii. 
"L" £^WR£fc. Ki«t«^^^tf0rtSSr, 5i£ 
(DtiMLtzt'v htft^MSBS: l£>£>0fc:^HU>> 
Tfit'-y hMSB- 1 £ 1£R£U DA3yA- 
5 4 £tf>%£\ MSBh'7 hcO0(i5iS 
U MSB-lb'-y biZli&XX. <Xcr>itmm^if 

n^A^lfi^-V i n^AD^U:2l3-K!:^, 
[0004] 

b>y ha^v^<fctt^ADa>-ys:-^-^^LJ: 
-3 fc Lfc%£\ 01 2 L^IMtRS A D 3 y a'^- 

5 4^7 NSctRS^fc^rO. BB*«**iWilU 

a d a >y n- ^ -<?>mmm± da^ww- 

5 4 0iSH^±®HTJ>»). b>y h^coJiJaiiDAay 

Hfc=5roTV^. 
[0005] 

««tcov^TH12SHX@3Sr#gaLooittlH^. fcfc* 

[0006] **9K4. fij#$r 1 fSXtt2fl5(c«J«i^r 
^^rfl^^S (Hl<02, 1 0 ) fc . iJff^Jiilg^ 
S^0A^ffl!K3«as*i6. A^^tL^fi^-fcSmUEfc 

-*0«ffli4B^*<e^A*fiB^ (Hl<01 ) fctg^^n 
a^f&^«J^S : ?^y7VU^-;U K^g ( H 1 ay 
5,6) eo{B*Wi:«««<i. *ii^^iE*JWBH 

^mnx^m^m^tihmk^k (ii^8) L m 

^a3*fcS2p«E (HI 01 2) thmLX2mkth 

^av;- (Hico3> fc. mE«^niB^a<Joas 
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*4 -v^Wc (HI £01 1) t, £3rU mfl&UKJ&a 
#8(01(07, 9 ) JJ. miien^NV-^- (Hic7) 
3) <DbW3(cS-?'^T. A^$^i»ft^fcS5ilLEi:^ 

[oooTii ttftmz. mm* i fexa 2 fst-rogi 
m lx &Jrt § frxi&m&m. l% ^-c&irt %> *><oflj 

j&^^fjg&fl-Sf-JMts^ (03<O2) -X<7)WM 
ffi^tfm^Ajltii? (03(7)1 ) Hg^£ftfiofli>2r?) 
^JS J P*^V7VU*-yU (03 0 5. 6) (Ofcb 

{c«^$fLS^#S (13^8) HlilBfi^tM^ 

15(13(012) tJt«LT2^t-tS3WNV-^ 

- (03O3) mfiefi-^jf^scoai^ffltMiei?- 

V7VU*-^H#S«A75Wi: Sr^-fS^ -yf-^S 
(03(01 1) S-WU HirlBti^tiits#a (03^ 
2) (i. file 3 WW-?- (H3C03) (OtbWcS^ 
wt, A^^fL&fi-^tS^mEfc&MmMaLTai^ 

im®8$ * mm- & t, (ot- $> & „ 

C 0 0 0 8 ] -fKcioh. *W*m£ti\f\J)T-f-u?m 

^rzmmwMnmmmB: (12) ttmt, ^<nm^ 

^tzmfimZAfUz? -< - h'A-y tx\ w<x 

tt^-H 1 )! r^tijD^*v ^itrttjg&jE&^j&A d a 

[00091 tttftwizti^x . mm-nwm^®. 
( 8 ) mm^Ajji®? ( 1 ) tmrnum^ (0 1 <o 

7,9) X«fIiefi^-ti@#K (03<O2 ) <7>A:JjlH9i 
£tgjffi£tf&MSB^g|*-F{;::fcvvt, flifl-si-Jf 

s ( 2 ) cDfij}#A* 1 tm-cowm^mm 

#K(T)*iMt>' 2 (clS5£$ ti & d t -f & . ifmffc 

[0010] -f Srfc^sMfcBBfc: % m S B^m*- 

<7)f!l#£«9#;t&*fttT\ &by h9a*t-Fte*tJC 
T'# ®S8irm£ fflt« L Jta<ttfc*A D a >;<- 9 -£ 

[0011] 4fc*»flfc:*ivvc, Kfi^A^ffif 

( 1 ) fcAD^BU^fi-^EPjD^iX. Kfl^-Jg(S#S 



(2) (Ciot lX*i2^$^i. iayAV-J'- 
( 3 ) c02*fl3lHttff)M»TLfc13K=. Knwtls-? 
-<7)XDtfT77-4 7cr>8f. 1£A DSfflWiFOS-t*»<?>R 

^wm&&<?>iitt}&&—<?>A'( -yf-#a (in 

$H*K-9->'7 , /^-;H«EI» ( 5 ) CA^$fl&^fcS: 
WIS 4: - t* ^IHWWMiHB & . 

[0012] ■r^rt>*>*^BgtcJ:ix(f lffl<7>3 WW- 
?-^&*>*>lb' y FcOADnwK— ^-fciO. fi^F 
•ft LJtteSS: i> t tc&mZti&AjJTi-vfm^zmiB 
Ll&tmtliW VwS&AV-y hWAJlffimt LXQffi 
LXW<ZtX\ £$b'-y h^*>*ii^Tt^-KWtC 
Ji. 1 b y h^ADnws'-^-co^THIl-r&it^ 

[00l3]4ft, *JMHfci*i.Hf, K«^liMi*a*« 
MSOIMI» (B3«)2 ) i "j««S<t, l^^uiS^ 
*RftA^«HF4<IB— <0»JI*S (I13W23) ^^L 
TSS~<0«)«#S (03(02 0) i«J&3*u I^-cO 
Wm^KcO-^r(i^-c7)S2gmil (03CO2 7 ) Cg&Sfc 
Sih.. ft*ttK»— <o<Mft*R (H3<7)8) <06b*t« 
^$ixTfcO, SKA^Sffi^li^-cO^i^S (03co 
24) £tfLTfB=<0«J»#R (03CO9) fc^^ft 
mHO^A^g (03CO2 5) ZftLXsmmm 

i^#ff<om^ 1 1 mm $ trc *j o . MUHcowm^s^o- 

tSiftm(4 (03(02 7) ffc^tim— <0^tE 
jiS (03coi 2) k«aSfutflllfii:=Sr^T*J'5. 1^ 
=£OW^K(i. y^V-? -<7)2m.\ti-hX'3>h 

[0014] tttt*%&R\iz*LtUi£^ fgmm^m 
K&x^Tizmmzixx ^hm— vmm&wkit l 
x, mmm&mtAJjm^mzmmzmz&tsztx'm 
mmmmmi3>^xt>m&mcom^jEmi l zA^h z 

'Jt-yh^CliSilEli;. AD^^Jii^n 
f=3:*)^>l b' y hADn>-y<-^-<7)a3^ 

s*(cj: "5 . immmmmfrmt&n&co\,^tii)HzmM 

■tZZtlzX*)^ im%tLtzAfiT~>-n ^fi^-cOTfi b 
•y h^SJif^y >TJU%fflWb ®S%mf$X'9mX' 

[0015] zttmuzxtitf . M$mE.<r>tj)m^m 

(03(09) *^3>/nV-^- (03<7)3) <J02(Stti 
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^r^x-f ^«r. K»— o»»«aB (03(7)i 2) 

[0017] z*>mz*mttzxtiii. ®m&&mm% 
if>-r^-^ k hiss t ^0 mm.&m&L?T 

[00 18] 

mmm) wf. ^muzx&mmmiz^x. mm* 
&mt^wMizmi-tz> 9 
im 1 <?>mmi mm. *2kw<om 1 comamfr^t 

ix&r^o^fi^EpJpSii. ^>f7f¥88, 9, 1 

OSr3ioT^WN*U~^-3cO^R*KA*ig^ (+A* 

SftTfcO, A**fl^EPjBSnfcT^D^ft-f-*«a 
1 2 o£2|SfKEE J; 0 i> A£ ^£ £ lin yAV-^ 
-3cD&jili "H" fc. ^£v^#y:n>v>?p-?-3 
om^lCi "L" 3r*5S2&«8Rl 2tt. AD^& 

/2<?)mffll (Vref) ^ft-jftiatEg'Tfti. 

Vref=Vfull/2^W«(Cj>-&. *SUfiWCC 

SB^i^^HtJ,^, AlftS^lfcrEPiDSil 
^T^a^fi^^S^m^ 1 2^«^mJSJ: 9&A£< 
3 3 "FT IVISBcT)!:^ 

^^xizm^tLtzr^uym^t^mmMi 2<n 



[0019] mzTW.^ v V<T)A D^t%CD&<Dm%mt 
iB6#S2S:aoT. fl-^£ 2 ftiftg L lx v ^JfeAffla 

toztitzTi-urm^tfmmmm i 2o»iej: o t 

/h£<3>v^-^-30a};ft# "L" <7)lf^ MSBO 
a^ffiSrOtc^-r^i:*^. *4 •y?-#89£:»J» 

^^fiWSJIfcLT. X>f yf-#S9<7)aj*jT'ft^r^ 
o^«#$-2eittH"r&«#««#S2S:iloT. ft^ 
§:2fgtMil§Ll/>'£xfe£A55S$:fi : V^-f 7ffgl 0<?) 

*-jH*0B (S/H) 5fcA*Sii-Hi*RBrS*t.*. 
A D^Sa^gPT-cOS^ftiftff ^T^^ h A>f >yf-# 
Si I**?, x>f7f#Si 3£*>u 

H) 6fcA;fiU x>f 7f*Sl 3Sr^7-r&Cli:T*^ 
x-f 7f#a8(ity7;^-^KliI 
B 6 cotByb * A D$m9mB^AJ)-t h K k * o . 
MSBJ3ft£>t*»y hojaa&L tvr;P*- H@ffi6 
<WHJ)tfix<1 vttfk&ey&WzKhmzWLfeZtih. 

-t%h*>M s B^<5os&3iT*tt a D3E»jaaasoajii<i 
a«B<oA*w«as<i&. 

[00 20] ia2(i*^Mc7)AD^r-^X/ 7 ^'V 

mmmiz&if&m<ximmA d n 

htf. *$tWlzJ:& AD a >j*~?-l±ts*> a, ^ :ob' 
[0021 ] HioA^sB^ifcrepjnsftir^o^m 

f^i2C014C^t, 1 1 9(iMSB^i>ttSA^T 
ftft^O 0 0K1 1 1 *"C^»JOSTfeiiTV^ # 

ai^03>'A'i/-^-c7)i$iii 2<ngmwiL. 

"H" fc?5rOMSB^JH^fc3-Htt "1" 

^><> A^r^u^fi-^-^-offl^^^^o^ii^. n 

y;*U-?-30)liijM "L" fcirOMSBcoJI^Hkn 
-Htt "0" (c«lffi-r-6. 02cO^JT'{i:. A^JT^o^ 
ft-^14^»^m{4Vrefl 2J:Dt^3t>a. 3>A' 
(Comp) 3<^a5^(i "L" MSBCO 
"0" a6«|jfr#-*. 

[0022] #k:T{2h->y hT'$>^MSB - 1 t'«y b<7) 
JHHL£:fr 3 MSB ^fcfti T^o^fi^^fl; 
fiVref 1 2$rt3^-rn>y>;u-^-3^ai^ii " L" 
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LTAD^j&£ft& 0 ZCD\%. Uyi;fo±&V>m-Z?Z'£> 

AD^mmmmzxjiZiifzm2cDTi-vym j % 
1 siznm-t^&^tv-y^ 1 2 omvi s BWf&m^k 

U>iSl 1 9(50S^mfiVref 1 2tTFOW<A^2fg 
L£t>cOh3:9. MSB- lc7>{5<7)S^t$:^fgLTV^ 
m^ituy^i 20\±m^itVy'Jl 1 9^*fLT 
2^l/y£/ict£^:$^TV^coT\ 7;H/>-:x£45I 

3c7)S^m^S^m{3Vref 1 2\tm^\>CWJ\ 2 

-nut "i n fcwsrr*. xjiT+urm^wzLnm* 

Mt&fr-otzm^. ?y^U-7-3<7>&Jj& "L" £ 

2X Y )h±^^M, n^N-U~^-3coaj^ii "H" h 

COO 2 3] ftfcT&t'-y ht*SMSB.-2h'7 h<^> 
j^Hbfcffd^ MSB- 1 tZ&l?hT1-urm^l 5 
^S^mfiVref 1 2Zmt^y;*U-?-3C0ltif)l± 

"H" Tj>o*!<7)T\ Hl^Wt«aiIilB7tA*$*L 
r^uvm^i 5tif>t>WmmVref l 2(~fflMj'r£r 
^n^fi^-l 6<a»#£«tfcT^o^<I#l 7(i. 2 
«coy>f >*»^fc«^i|MB#«2fcJ: 07to/tli 
£ft. 2«cOU>-^fi^^tT^02^^T^o^fi-^ 
1 8^>5r0. HI 0^>7*;^~;UKIhIB5, 6£;frL 
TAD3ffll«yi»OA*t:»iHSii. MSB-2 (LS 
B) <D&bLXAD$cm2tl&. Z<7)B$, \s>iS\fckXk 

nm^x'hh^. ADmgmmmzxjiztitzm2<?>T 
i-urm^i s\,znmth&=?iti>>i?i 2 imsb 
- 1 mcom^ituy^ 1 2 0 commmtiLVref 1 2 ttt 

<^l^^£2fgL*:i><7)h$:D. MSB-2^If 
^^^l/>yife^M^I^I|JgLTV^, myitis > is 
1 2 1 (iS^tl/yyi 2 0£#LT2fg^U^l£A 
£ftTu&w:\ ^;n^>-^^2ilD^fiJLfv:fi^k: 
icffiSrt^ HI ^3>v\^-?-3<0^m^^ 
mftVref 1 2{iM^l^>'yi 2 1 <7)^L4c{4BL. 

"H" £2:9. MSB- 2 ( LSB) 4>*Hfc=J— H(i 
"1" teiB£-*-S # A*r^o^m^#C:<0ffi£l£i.2: 
3>J*U—?-3<7)ftjHZ "L" ££:9M 
SB- 2 (LSB) OJtHta-KU "0" 

H2^JT(i. A^r^n^fi-^-i 8#g2£ttffiV 
ref 1 2*9 t>*#l^ 3y/*U — ?—3<?>mj)l3i 
"H" MSB— 2 (LSB) CO "i" imfet 



h. ZtilzX 0. MSB. MSB-L MSB-2 (L 
SB) tMlzm<XHM2tl0 1 l(7)AD^3-b>'X 

[0 0 24] ZKOm^ZAD^mLtzTi-^m^irlyy 
^*fc«SIU JWBKEIS-fr. W*ADSanf *d^fc: 

5 4 AD^^i^-ftb' y hStSria»D§ 

SWOT A D^0fSJK#& 9i§fit«'fbW! L**ofctf> 
£2tL. **ltMfc:J:<itf. ^3r^SE&7c^3l^j£ 

b^B»JK^3»:Jt«aAD3yA-^--S:-5rffii: L 
x>f vttms<nm^<n\ft\±mz-<nvyy-)i> 

*-H>V®m6lzmWtZtlX&*) . MSBtlBor^n 

X>(7^S2 0CAASn, X4 •y^#l£2 0Oflttr 
<OTJM. S*ft«ti2 7fcftR§iiT^£. X>f */^# 
S2 0^{B*«4«-^SJI*a2 3fc:SSaSft.. »-o 
«*¥S2 3<0flfcfir^JKF»4. «JP«B«2^RRA 
^ffi^ (H-A^AST) «JK««S2<7>K 
feA^Sg^ (-A^ffi^) fcli. m-<0®tt&2 4k 

#J£2 5<0«^O^tt«WWB«2^ffi*tcSSKS 
ft. SJMfr&*>»aM'-- rSr»flE"Ti. ^lo§i#F3 
2 4 ^ffi^co^tex >f y 9 <50£B**<«aS*L. 
x-f 'y^-*S9co-^A^ig^^S^miBl 2tcjggg 
Sii. flte^A*^ttSE**ia2 7fc:ft«S*iTV^ 
XX>f •yf>¥S9^$iJSPffi^r7W\°U~^~3c7) 

*feSifiaMi»2coaj*iix>f y^#g22^jlL 
T»MiMB»2eoRIEA*a^fc:«MSSfL, y-fe^KJ 

¥4 y 1 ^#/kf — * aT^t- K(l-tr y . 

f%nmm& 2 e&mi&xjim? t m-^&^m 230 

&mmWt&lZl±Xj 7ffg2 1 £»LT. «fl&m&2 
7tc«gE^iiT^ , 9. U-fey h»JWfi-^2 8T^>'L. 
SO«B»2^^A*aB?t«tB«ffl2 7tlU-fe-y 
b-r^>, «»Wl»2^ai*«. n>y\°U-^-3cO# 

JEVref 1 2*<9«|D$*l. »IWI«»2<50ai**«»« 
ffiVref 1 2 J: ** H " SrtBy^L. /h§V^ 

"L" ^aj^jf Zlcoziy/*u-?-3<7)ftj] 
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$>o. v^^cvmmm^b**). ad^ 

XA 7f$Sl SSriiLT^Zl^vry^-yPHlElK 

[0025] filfiL K£fcW-&i&fPS:0ffi£Jfil* 
XWPRth. H4— H7Srffl^TMSBS:^BtC0lHlS5i6 

v^S2 0<7)A^* J F^EpJ[rr^> <> Cl<0B$<03SHiffiigB 
£04 0 

[0026] saM^A&fr^-r y -tr y h^e- hs- 

»±«««ffl2 7(C«ttS<i. M-yf*S2 1li*yL 

f-¥S9«Sf«6S(i2 7^«K3/iS. 05I1MSBS 
^H*««*«{2 2 7fcSN8S<i % «£4f««260Kft 

2 7fc«a?ilT^4*. »JWI«»2oaj*t)«*« 

&27 tmm&tzc&. 

[00 27] VttZU 7ff82 0 SrA^lST 1 Mtcffl 

Bcoffi^ffl^cffiKS^T^&X-f 7 ffS2 1 te* 
:7k3r&<7)T\ i»3PM«»2^*RKA*SB^«K-f> 

* o . ss-cosa#a 2 3 ^AASfoifi^tj,^ 

Wfc*ftt»tr**. at»»Mi«2<!0ai*«Vini:IPL 
n^U— *-3«±Cl<0VinS:gW\ X~hT^ 

JEVref 1 2 fcJtlKSft. Vin^S^JEVref 1 2 J: 0 

"1" ecWJgU Vins&gBWBEVref 1 2J:»)fc'h3 
"L" Srffi*LMSB^*^t3-KS- "0" lz 

[00 28] HRtti^TMSBfflWttff^diMSB 



•PWFCSWS*tT*J9. VinaWWWBEVrefl 2J: 

#A*S*U J^*ffl2 7fc««$^44o«!Bi:* 
S. X>f >y^#S 22 Ji* 7 L»»lMS« 2 co 

RIEA**^ k S^OBtCte . ^£<?)SI¥S 2 5 
k # 2 4 fc 

2 2^7-r^kipi^c. nmmm»2^y-t yu2« 

«ft5gS*U M S BS3»§t:fflv*AArtn/Btv 
inSr2f&Lrffi*-r&. «r<0B3K ^7f#Sllll 
«»MB82<0* f -<f frt> 2ttfci»+&HI±t>' 
U ^>f V^2«^IS^§ixTm^*^L^^T*^ 

7-th* >rmmzx vm—wyy/u* 

-)V FB088 5 (w«M S BB$fc:JtlS Lfc Vin<^> 2«^®E 
£«fM-& £ fc fc=5: o x ftcoTfi t* >y h oM^biMW 

in^^H«ao*»SJEVref 1 2 J: 0 fc**V^»&, 
X>f 7ffS9<7)a»«fdi "H" tfA^SfU XA 
y f-#a9iiA*S-S«!E{a2 7*^^pmJEVref 1 
2«09#;i&« ^^>l*jftT^>f 7ffS2 2(^7L 
*JP«B»2OKI^*^fcai*<0iafc:tt. ^Hc7)« 
*#a2 5#ffiKSiifc»k5r*. »-^S**R2 4 
fcff=«at*R2 5^Mffli^L<l^StLTi : 5 0> 
X>f yf-*S2 2#5|-7*r&i:|i|^. 7f^S9 
U£itMfi2 7^^imJEVrefl 2l:i»«ft, 
Vin^^Vref$r^K^Vin-VrefSr^mig5l2^2 

«»2^:7n— r-f y^TK^f >-h^Vin-Vref?HS:$- 

m\ y>f ^i*^2^c»j»-rsia«4*yL. y>f 
^2«(ziwfe9^Ta*^jeLfcB*jS['r*7"*-6. 

B5diMSB B^CitiS Lfc V i n*^ Vref £3K ^fcS 

[00 29] feLb. 114— H7T«*LfciiO. 

J:OS^«ffVref 1 2bttMXtim^tZtlht& 
IZ. frcoffiM S B - 1 cr>%m%>. AJjT+ufmtttk 

-K0« "1" ^B§. Vin-Vref<7)aa«UlS:1=f3. ) 
RT/UyiSi&ttBM ( lk%m&C0T^X37m j %£ 2fg L 

■^l>o ) ^Lifvr;U^-;l^K[lIK&3iLTA^^3SllI 

[00 30] MSBJaR^MSB-1 tf y hCOAD^ 
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[OO3 1]08(C, MSB-l^AD^-M^co^fiilll 

mmztitzM s b - 1 mT-tnrm^mEtfmz 
i o o 3 2.j mmizxz>miz&-ro * . y ^ _ 

^*>«-§«^ScO«®Ji§^-f I.. X-f yffg 2 0 

ti*glMfi2 7fcig^§*u X^-yf-^g2 1li5j-yL 
^mfi2 7t^$^, X^.y^S22«^>Ul 

l?2$-^r-v7 : tnr^-Kt|l^-fl». 
^S9ii^K!!l{i2 7{;^$^„ 09«MSB- 

1 fflft V -b y h &0«flf BRaTfe 4 . S-<0«4#S 

2 3 OiVStt&tttti 2 7 fcftHSfi, flt*4MH| 2 O 

lM{42 7i:|5)lfii;^| )a 
[ 0 0 3 3 ] &(CX>f yf-^g2 0 £x4 •yf-#g8HI 

S B - l ffifflr-tn^fi^jE £ S3! OiiAJtHBHW- 
6. -^MSB-Hfrffl7^a^«#A*JtS^-H£ 

mi oiznct. tfi-mM.tt2 3mmzumz.m- 
&t®M&frt>xj)ZtitzMs b - 1 mmn-a^mnm 

%2mmxm?ii?zM >v-y>xx'kh<?>x'z 
3vx%mc^&0)%ittttmtt3mitt2>& m 

S«teS2^aj*ttMSB - l«ffl!7*o^«**flE2 

l/2c7>mET-£!>gJjg!tEVref 1 2fcJt«3*l, M 
S B - 1 ttffl7*D^®9«ff*qj3|**ffVref 1 2 J 
9t*#^§£ "H" *aj*LMSB-l<J5*JHfc3- 
KSr "1" KWjgL. MSB-lffrffl7^n^fg^«ffi 
aqBMEVrefl 2±9M^i§£ "L" ^SjjL 
MSB-ioJHHfcn-K* »o" cssjgu aajjff? 
4Kft-f. 

[0034] MJi^ :tmsb-i ffiSMttfteft* 

msb- 2wgn<Mk. msb-i titn-aym^eom 
mRvis>:jtz*m{z®ftt&. mi nznms. 

-9- 3<r>&j)m4texj -y^mmmmm 

msvrefi 2i0i/h$t^ N x4 v+^mm 



wmui "l" wxuzii, m%&27£&mfi 

8*¥R2 5*«8S*ufc#i:$r*. IgZ?>g*#g2 

4 i SLi<0«Mi 2 5 *>*ftff (iff L < IS^^fiTfe 
9. ^■yf^a2 2*»*7-f*fcH*fc. MXJNffi 
20^>(i2fg(ci§^fL N MSB-lStttftefljn 

>tMSB - imT+uym%&*2®ixwi? 

>^^2fgK»#-r4ISf;bryU y*»2«fc 

y yymmzx 9 ^_^^- >r ^^_^ K0R 5 ( , {iM 

5 B - 1 B^tclttSELJt: M S B - 1 «rfflr-*-n^ffi*HKE 

SB-20fi^ki)^B#(;AD^gJ<7)7^D^A*Sg 
C«»SHT »£M S B - 1 mT+arfZmjEix 

tteivm+t,. m s b - 1 mn-aym^mzm 

MfMTCtt "H" #A7J?*U X^f •y-^g9{2A7J 
S-JfiftBfi 2 7 *»4,3BP«E Vref 1 2 fc« 9*£ & . 
^B^T'X^ y^g2 2(i*7 
KA^SS^tiMjcDISIKIi, mE.<?)®Mtt2 5tfmm 
ZhfzBb %h . mzogl^S 2 4 1 ®EcO§»^ g 

2m7?z,tmmz^ xa ^tt9*>wmt$L2i 
frt>mm&vref 1 2 izmmz>&. m s b - 1^ 

T^D^#^BE*>f>VrefS:g|v^, (MSB- lft 
^^WHBE) -Vref^SH|B(MRB2*t2fiL 
TffiA-f*. 1«. AK1INHI 

2«7D-f<vmy^ (MSB-lJffffl7^-D 
^fi^€ffi) -VrefatttttfVV y-f >l*»i|»2«t 

s^-r^istt^vL, y>f >**2fiftis^sfitaj^*5 

^Lfe^T-3}-7-f£. ;w>7-yy^u^(cj;i) 

m-<7)-t y T)V*~)l, KEJffg 5 1 (iM S B - 1 ^(dJt^ 

L/iMSB - 1 mn-a?mmmfrt> v«f *5iv> 

tlffO20<Offi£tR»tl.itfc:^9, »«0Tfih'.y 
hMSB- 2c0*T(t|j,^(cAD^g5c7)77D7-A 

«5fc«»S/iri^MSB-Hffja7^o^g^«E 
S-x-f »**fti 3S-^y{cLT-tV7-;^-;PKig8 

[003 5] KU:, 08-131 lfK^UciiO ^4 

><ls-f>-3lZl:r)mm&Vreil 2 kitmtl&? 
ikZhlt&iZ, <J:0«rMSB- 2(7)^3^, MSB- 

"0" OB#. Mi^f. «Hta-K*» "1" c7)B#, M 



(9) 



nmw-i 1-27148 



s b - i mmri-u^m^nK- vrefcotrnwrnzirf 

) £ L^yy^-iVYm^MLXX^i 

[0036] znmizAD^mLtzTi-vfm^zuy 
iSfcktmL. mmimzM:. ^mmAD^m-thzt^z 

sift jkt-a d»^»« k> nmrnttm 

m.Tttx-v h%L*±tfx%> AD^mn&^w&cvmm 
t;uio&a*t>t\ zt-ybcommmKcmmmmADzi 

>'<-?-Z*imtLtz. t&fcffloj^fctbKMA 

mmmm. mmnjicDWKitMm ad ay;*-? 

Ltz. 
[00 37] 

MSBJzOa^^-r^ADHWN'-^-tciJV^T. ft 

isyyji-zcms&ffimzj: v&mi&cnmmmAD^ 

y>i-f-£vji&t Ltz. 

[iai ) *^^m-i?MM&*-r[gs8@T-j>«.. 
[H2 ] mmmnT-*T-7i-^-0W i mx'h 

[03 ] ^^^-^^^^[Hjjgg^j,^^ 

[H4 ] m-mt&McDMSB$mm<7)mft£WiWi- &® 
mmx'&h. 

[05 ] mzmi&m<7)M s B^^ts^^tsw-^is] 

S80T-AS. 

[06 ] m~mkm<7)M s B^^is^^utB^-r 

S80T'*&. 

[07 ] m~HSfeCTc7)MSB^B$<7)ift#^iaB^| ) |5] 



[08] ^Z^M<OMSB»«t' 7 b^AD^j&T) 

s m&mx-h h . 

[09 ] Wi-m&M<VMS BfclBScOt'-y hcOAD^O 
ift^^l^B3^i.|HlSS0T'J>&. 
[010] 35ZHSgf?IJ<7)M S BJil^fy b <7)A D^Jfc 

[0in &z.mMm<?>MSBtm<?>V"j fwad^s 

[012] t&fWg&itg^MA D 3 WC-*— <7)@B0 
1 A^SS^f 

2 

3 3>-y\'P-^— 

4 ai^ffi^ 

5 J m—cr ) +ry7)\,-fr-}\,Ym& 

6 SH'O-y-vr/l^-^KESS 

7 ttjuman 

8 X^yffS 

9 A-fyf-#K 

10 ^7f#R 
1 1 *>f 

1 2 «^mJEVref 
1 3 y^-#g 

1 4 T^-O^fi^ 

1 5 T^o^ft^ 

1 6 Ti-n?m"T 

1 7 T-fo^fl-Jf- 

18 Ti-o^im 

1 1 9 mFWcxryv 
120 &Tituy : J 

1 2 1 S.Tit\^y=J 

2 0 ^y^g 

2 1 X-f -y^a 
2 2 X^7f#i 

23 m-<r>m-m.^& 

2 4 ^~c7)^fi#g 

25 mH^a^s 

2 6 'J^yhft^- 

27 tgnsme 

2 8 'J-fe-yhft^ 

2 9 MSB- l«ffflT-^Oi/{i-^mjE 

5 0 A^JST 

5 1 3VA>-^- 

5 2 JiJ1JfIn]S8 

5 3 imfflWUisX? 

54 DAnyA-^- 
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1-Vo 
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[H51 



-v9 



24 



22. 



25 



12 



26-v- 



27v^t20 




-v4 
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[010] 



reai 1 1 



23 9 

^pTr^ 



12 



4m 



P3 n 



22 

r 1 



12 



9~ 



27 



(72)«l«* *j| 

S*»to6ilJ**E#r«2- 1 -17- 
301 



(72>»BB« Sfeffl it 



